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Introduction
At the latter part of his work concerning the preparation
and properties of B,B I ,B’* trichlorotriethylamine and B,B f
1
dichlorodiethylamine, Dale Gasch investigated the polymeriza-
tion of the latter. This reaction had been discovered earlier
pby McCombie and Purdie, but no work had been done relative to
determining the structure of the polymer; this research was
undertaken in that connection.
B,
B
1 Dichlorodie thylamine is readily obtained upon treat-
ment of its hydrochloride with alkali, and on standing, it
changes to a white crystalline salt. This salt is decomposed
by alkali, forming an oil, which likewise polymerizes on stand-
ing. This series of reactions was continued through the third
oil and polymer; it may best be illustrated diagraramatically.
(Cl CH2 CH2 ) 2 MI2 Cl
|^NaOH
(Cl CH2 CH2 ) 2 NH Oil I
jstand at £0 degrees
White polymer Salt I
^NaOH
(1) Master's Thesis, Boston University, 1937
(2) Described by Mann, J. Chem . Soc .
,
461 (1934)
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2Yellow liquid Oil II
Jstand at 20 degrees
Brown solid Salt II
|NaOH
Brown liquid Oil III
(stand at 20 degrees
Brown solid Salt III
The plan of attack was to analyze each oil and salt for ionic
and total Chlorine and to note the general trend. From this,
and from the ratio of ionic to total Chlorine, it was hoped
that the structure could be ascertained.
v*
«
Preparation of Dichlorodiethylamine
Hydrochloride
Dichlorodiethylamine hydrochloride w as prepared directly
from diethanolamine by the use of thionyl chloride, according
3
to the directions of MeComb ie and Purdie. This method in-
volves only one step,
CHoCHpOH H CHgCHoCl
H-Nx ^23001 > H-N 7 +- 2S02 V-HC1vch2ch2oh * c/
vgh2ch2ci
4
and was the method used by Gasch in his later work in prefer-
ence to first preparing diethanolamine hydrochloride and from
that dichlorodiethylamine hydrochloride.
i
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.CHoCHpOH
HN
7
V-HC1
vCH2CH20H
H /!H2CH20H
ci \jh2ch2oh
E CH2CH20H
H-N^ -h SOClp
Cl xCH2CH20H
H CH2CH2C1
H-N^ V- ESOp y-2HCl
Cl NDHgCHgCl
Although with certain compounds this method gives better
yields, in this case the respective yields are nearly equal,
so the first method was used exclusively, since it is more
rapid and convenient.
Experimental:
i’ifty grams (45.5 ml.) of diethanolamine were dissolved in
150 ml. of Chloroform and the solution placed in a one liter
(3) Described by Mann, J. Chem. Soc . 461 (1934)
(4) loc. cit.
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Wolff flask equipped with dropping funnel, reflux condenser,
and mechanical stirer. To this was added a solution of 213
grams (130 ml. 47$ excess) of thionyl chloride in 130 ml. of
chloroform over a period of fifteen minutes with stirring. The
solution was hoiled vigorously until it lost its cloudy appear-
ance and became clear, except for a few particles which failed
to dissolve. It was now filtered through glass wool into a one
liter beaker, cooled in ice for three hours, filtered, and
washed twice with chloroform and once with ether. In washing,
enough solvent should be used; an amount sufficient to com-
pletely cover the precipitate is adequate. The crystals were
finally dried over night on filter paper. The yield was
usually about 56 grams (70$ theoretical). If the yield is less
than this the mother liquor should be concentrated and a second
crop of crystals obtained. Several preparations were made and
|
the yields were 56, 56, 50, 44, 59, 53, 41 grams. Failure to
concentrate the mother liquor probably accounted for the lower
yields.
I
I

5Preparation of Diehlorodiethylamine (Oil I)
Dichlorodiethylamine was easily prepared "by adding 20%
isodium hydroxide to an aqueous solution of the h:,rdrochloride
until no turbidity was produced on further addition of alkali.
The amine separated as a clear mobile liquid, sometimes color-
less, but more often slightly yellow. It was extracted with
ether and the ether solution dried over night over sodium hy-
droxide pellets. It was then filtered and the ether evaporated
at room temperature in vacuo. Several preparations were made
and the yields are given in Talbe I. The usual yield was about
82%. The amount of water used to dissolve the hydrochloride was
! in the ratio of four grams of water to one gram of the hydro-
chloride. It was thought that if the amine were appreciably
soluble in water the yield could be increased by using less
I
water as solvent. Accordingly, in the last preparation, 135
grams of the amine hydrochloride were dissolved in 150 ml. of
water. Since no change in yield resulted evidently the depar
! ture from the theoretical was caused by other factors.
|
The results of analyses^ for total chlorine are given in
Table II. Analyses of samples taken from three preparations
are given. It is apparent that they are considerably lower
than the 49.93% required for (01 CH£ CHg)^ NH. This is thought
to be due to the fact that the amine was very difficult to
purify.
(5) See page 7 for method.
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The method used was simply to evaporate the ether in vacuo until
constant weight was attained (triple beam balance) and then to
’
filter the sample directly into the weight burette. The amount
of ether needed to cause this error is small, and might easily
have remained in solution. Yet, on heating, or on standing,
the amine polymerizes so the ether could not be removed in this
5fashion. There is also another possibility, namely that some
diethanolamine had been carried over from the preparation of
dichlorodiethylamine hydrochloride. Oftentimes amines are
purified by conversion to their chloroplatinates or chloro-
7
aurates. This method was impracticable here because the
diethanolamine would also react.
i
Table I
Yields of Dichlorodiethylamine from its Hydrochloride
Amine Hydrochloride Free Amine $ Theoretical Yield
30 grams 19.6 grams 82
100 68.5 86
15 9.4 79
90 61 $
5
135 88 82
See page
Littmann snd Marvel, J. Am. Ghem. Soc. 52 287 (1930)
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Table II
Analysis of Dichlorodie thylamine for Total Chlorine
Sample I Sample II
1. 2. 3. 1. 2. 3.
Wt. Samples .1023 .1321 .1032 .1170 .1154 .1117
cc. AgNOg 15.00 18.00 15.00 12.00 12.01 12.00
GO. KCNS 17.80 15.01 17.43 2.82 3.38 2.43
N AgNOg .1435 .1435 .1435 .1435 .1435 .1435
N KCNS .0440 .0440 .0440 .0440 .0440 .0440
Percent Cl 47.46 51.61 47.61 48.43 48.52 51.27
Average (omitting 2) 47.54$ (omitting 3) 48 .48$
Required for (Cl ch2CH2 ) 2 NH; 49.93$
Sample III
1. 2. 3. 4. 5. 6.
Wt. Samples .1105 .1085 .1132 .1160 .1162 .1159
CC. AgNOg 20.00 20.00 20.00 20.01 20.00 20.00
cc. KCNS 18.17 18.83 17.27 16.14 16.35 16.65
N AgN03 .1141 .1141 .1141 .1141 .1141 .1141
N KCNS .0440 .0440 .0440 .0440 .0440 .0440
Percent Cl 47.43 47.50 49.25 47.75 47.68 47.40
Average (omitting 3) 47.55$

Polymers of Dichlorodiethylamine
As mentioned, dichlorodiethylamine polymerizes on stand-
ing, to a white crystalline solid (Salt I). At 0 degrees C.
this reaction is a matter of weeks, but at room temperature it
is nearly complete in forty-eight hours. At higher temperature,
e.g., on the steam bath, a violent reaction occurs, forming a
different polymer. This is a brown substance, sometimes porous,
sometimes powdery, with a piperazine-like odor. Salt I, and
each of the other salts and oils to be described later, also
yield this compound on heating. It was prepared twice by the
author, both times from dichlorodiethylamine. Both yields were
about 60% (12 grams from 20 gram3 of the amine; 41 grams from
61 grams of the amine) ; the considerable loss is accounted for
by the violence of the reaction which vaporizes some of the
amine. Little work was done with this polymer, but it was
found to be appreciably soluble in water and very insoluble in
all the common organic solvents, (ethanol, n-butyl alcohol,
ether, chloroform, toluene, acetic acid, and acetone) except
acetic anhydride, in which it dissolves only on heating. It is
Q
interesting to note that piperazine forms a soluble diacetyl
derivative.
(8) W. Hertz, Ber. 30 1584 (1897)
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Salt I
Salt I, the polymer formed at room temperature, was the
compound with which this research was primarily concerned. It
was insoluble in all the organic solvents tried, (ethanol,
methanol, acetone, ether, chloroform, toluene) but was very
soluble in water. This was of course to be expected, since it
was a salt, but nevertheless it presented a problem in purifica-
tion. It was found that this salt could be precipitated from a
50f solution of methyl alcohol by the addition of ether; how-
ever, attempts to filter off this precipitate gave only a
yellow gum. All the samples analyzed, however, were purified
only by air drying followed by heating in the oven for one hour
at 60 degrees. Higher temperatures caused the sample to turn
brown.
Analyses were made for ionic chlorine (Table III) and for
total chlorine (Table IV). With the exception of samples 4, 5,
and 6, the analysis for ionic chlorine was performed entirely
in the cold. This was thought to give a truer value than if
|
the sample were heated. For instance, samples 4, 5, and 6 gave
higher results because they were heated to boiling, prior to
filtration, and at this temperature some of the alkyl chlorine
reacts
.
The method of preparing Salt I was simply to let the free
amine stand at room temperature, in a beaker covered with a
watch glass. The polymer began to form in noticable amounts
as transparent needles, in about thirty minutes. The yield is
I t tee
f
'
:
*
'
,
<
,
-
r
'
.
. f , > .
•
,
,
~
.
-
I :• - 5 , - ••
.
;s
- C •;
-
'
, ,
. . )
.
.
V ,
.
f .
••
, :
,
,
nearly quantitative at the end. of forty-eight hours; "nearly,”
because the last traces of amine cling to the crystals and
evaporate, or are absorbed by the filter paper, on drying.
Actual yields were 8 grams of Salt I from nine grams of the
amine; 83 grams from 88 grams of the amine. In an earlier
preparation the amine was left in the ice chest for several
weeks and the crystals filtered off daily. This method in-
volved great mechanical loss (only 43 grams of polymer obtained
from 68.5 grams of amine) and consequently wias abandoned.

Oil II
When an aqueous solution of Salt I was treated with 20%
sodium hydroxide, an oil (Oil II) was precipitated in a manner
exactly analogous to the formation of dichlorodiethylamine from
the hydrochloride. It was extracted with ether, dried over
solid sodium hydroxide, and the ether evaporated in vacuo. This
liquid was yellow, hut otherwise quite similar to the free
amine; molecular weight measurements made by Gasch compare well
with the molecular weight of dichlorodiethylamine. Evidently
the polymer is decomposed by strong alkali to the amine. But
whereas the yield of free amine from the hydrochloride was
about 82%, the yield of Oil II from Salt I is much lower, about
48%, (14.3 grams from 30 grams of the salt; 38.3 grams from 80
grams of the salt). Since it was believed that this low yield
might be caused by the solution of some of the oil in the water,
the second preparation was made using less water. The 80 grams
|of Salt I were dissolved in 100ml. of water, and, to further
decrease the amount of water, 40% sodium hydroxide was used, in-
stead of the usual 20%. This did not increase the yield of Oil
II in the slightest, but it did cause complications. When the
;solution was extracted with ether, an appreciable amount of
i
brown viscous oil collected at the water-ether interface. This
iwas separated with the ether extract and dried with it over
I
night over sodium hydroxide pellets. In the morning this oil
had changed to a jelly-like solid. Upon drying on filter paper
this changed to a hard amorphous substance resembling an arti-
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ficial plastic (yield, 5 grams). In the presence of concentrat-
ed (40$) sodium hydroxide higher polymerization evidently
occurred. The sodium hydroxide remaining had a peculiar, hut
not unpleasant odor. Now in this solution were still about 37
grams of Salt I which were unaccounted for. Consequently the
solution was neutralized with concentrated hydrochloric acid,
and evaporated to a volume of 300 ml., on the steam bath. The
sodium chloride was filtered off snd discarded. This step
seemed permissable since the salts formed by dichlorodiethyl-
!
amine are very soluble in water. The filtrate was then allowed
;
to go to dryness spontaneously. Further investigation of this
; was to be undertaken when the research had to be terminated.
The analysis of Oil II for total chlorine is given in
Table V. The samples were prepared for analysis in the same
j
manner as the samples of Oil I.
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Salt II
Oil II, on standing, formed a polymer in a manner exactly
analogous to Oil I. This polymer (Salt II) was similar to
Salt I in all respects, except that it was brown in color. The
analysis is given for ionic chlorine (Table YI) and for total
chlorine (Table VIIJj the samples were prepared as described
under Salt I.
The yields of Salt II from Oil II were nearly quantitative
after standing forty-eight hours, (13,7 grams from 14,3 grams
of oil; 36 grams from 38,3 grams of oil). The last preparation,
after it was thoroughly dry, was ground in a mortar and washed
with 200 ml, of ether on the suction filter. Since the wash
ether was colored the ether was evaporated on the steam bath
leaving several grams of orange crystals. The Salt II was
now placed in a round bottom flask and refluxed for an hour
with another 200 ml. of ether and the ether evaporated as be-
fore. Only a small amount was obtained this time, so apparent-
ly this compound is readily soluble in cold ether. The residue
of Salt II, after this leaching, was considerably lighter in
color. For this reason, and since the compound obtained on
evaporation of the ether was darker in color than the original
Salt II, it seemed logical to think that they were different
compounds; that the orange colored compound was not merely some
of Salt II, which had dissolved in the ether. No work was done
with this compound.
!
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That Salt II was a mixture was further indicated by the
fact that it gave positive tests for unsaturation by the Hanus
method. The tests indicated 6 to 9 per cent unsaturation,
based on dichlorodiethylamine hydrochloride. (Hanus test: the
weighed sample is dissolved in a suitable solvent, a known
volume of iodine monobromide is added, and the excess mono-
bromide determined by back titrating with sodium thiosulphateX
..
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Oil III and Salt III
Oil III was prepared from Salt II in the usual way; 7.5
grams of Salt II were dissolved in 25 ml. of water and the oil
precipitated by addition of 20$ sodium hydroxide. This was
extracted with ether, dried over sodium hydroxide pellets and
the ether evaporated in vacuo. Yield, 4.0 grams, percent
theory, 53. This oil closely resembled Oil II. The analysis
of it for total chlorine is given in Table VIII.
On standing, Oil III formed a brown solid. Salt III, This
was filtered off before the polymerization was complete, and
washed with ether. Only enough was obtained to analyse for
ionic chlorine (Table IX).
f, 113.
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Table III
Analysis of Salt :I for Ionic Chlorine
1
.
2
. 3 . 4 . 5 .
Wt. Samples .2006 .2010 .2006 .2004 .2003
ml. AgN03 13.31 13.00 12.98 13.02 12.98
ml. KCNS 5.26 5.20 5.30 3.33 4.81
N AgN03 .0992 .0992 .0992 .0992 .0992
N KCNS .0500 .0500 .0500 .0500 .0500
# Cl 18.70 18.18 18.09 19.92 18.55
Table III (continued)
6
.
7
. 8 . 9 .
Wt. Samples .2006 .2000 .1998 .2008
ml. AgNOg 13.06 13.09 13.01 13.00
ml. KCNS 4,99 5.64 5.33 5.12
N AgN03 .0992 .0992 .0992 .0992
N KCNS .0500 .0500 .0500 .0500
# Cl 18.53 18.30 18.19 18.27
Average of 2, 3
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Table IV
Analysis of Salt :I for Total Chlorine
1
.
2. 3. 4. 5.
Wt. Samples .1227 .1217 .1217 .1196 .1210
ml. AgNOg 22.00 22.00 22.00 22.01 22.00
ml. KCNS 32.30 32.82 32.36 33.20 32.54
N AgN03 .1435 .1435 .1435 .1435 .1435
N KCNS .0440 .0440 .0440 .0440 .0440
$ Cl 50.17 49.91 50.50 50.33 50.56
Average (omitting 2) 50.39$
Table V
Analysis of Oil II for Total Chlorine
1 . 2. 3. 4. 5.
Wt, Samples .1221 .1118 .1156 .1039 .1190
ml. AgNOg 16.00 17.00 16.02 16.00 16.00
ml. KCNS 6.72 11.78 7.96 11.58 7.14
N AgN03 .1141 .1141 .1141 .1141 .1141
N KCNS .0440 .0440 .0440 .0440 .0440
$ Cl 44.43 45.08 45.34 44.92 45.04
Average (omitting 1) 45.10$
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Table VI
Analysis of Salt II for Ionio Chlorine
1. 2. 3.
'wt. Samples .2000 .2001 .2006
ml. AgNOg 13.00 13.00 13.00
ml. KCNS 19.85 19.74 19.71
N AgNOg .1435 .1435 .1435
N KCNS .0440 .0440 .0440
Cl 17.59 17.67 17.65
Average 17.64%
Table VII
Analysis of Salt II for Total Chlorine
1. 2. 3. 4. 5.
Wt
. Samples .1202 .1206 .1203 .1196 .1204
ml. AgNOg 24.06 22.00 22.00 22.00 22.00
ml. KCNS 42.81 35.64 35.70 35.79 35.74
N AgNOg .1435 .1435 .1435 .1435 .1435
N KCNS .0440 .0440 .0440 .0440 .0440
% Cl 46.29 46.72 46.76 46.91 46.67
Average (omitting 1) 46.76%
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Table VIII
Analysis of Oil III for Total Chlorine
1. 2. 3. 4. 5. 6.
Wt. Samples .1356 .1153 .1171 .1181 .1154 .1152
ml. AgNOg 17.00 16.00 16.00 16.00 16.00 16.00
ml. KCNS 6.90 8.40 9.22 8.50 9.06 10.01
1
N AgN03 .1141 .1141 .1141 .1141 .1141 .1141
N KCNS .0440 .0440 .0440 .0440 .0440 .0440
% Cl 42.78 44.20 42.39 42.98 42.25 42.02
Average (omitting 2 and 4) 42.36
$
Table IX
Analysis of Salt III for Ionic Chlorine
Wt. Samples .2005 .2002
ml. AgNOg 11.00 11.00
ml. KCNS 3.10 5.08
N AgN03 .1141 .1141
N KCNS .0440 .0440
$ ci 18.23 18.27
Average 16.25$

Action of Silver Hydroxide on Salt I
Although the action of strong alkali on aqueous solutions
of the polymer formed by dichlorodiethylamine at room temper-
ature (Salt I) decomposes it to the amine, it was thought that
perhaps the action of a weak base such as silver hydroxide
would be only to remove the ionic chlorine. The resulting com-
pound would no longer be a salt, but rather a true organic
substance, and as such, would be much more susceptible to
chemical treatment. For one thing, it was hoped that a mole-
cular weight could be obtained, since it would then be soluble
in organic solvents.
Accordingly, the calculated amount of silver oxide was
,added to a solution of 10 grams of Salt I in £5 ml. of water.
The silver chloride was filtered off, the solution extracted
with ether, and the ether extract dried over solid sodium
hydroxide. On evaporation of the ether, (under reduced pres-
sure) about 1 ml. of a yellow oil was obtained. This poly-
merized on standing, exactly like the other oils. Probably
this oil was identical with Oil II, and the action of silver
hydroxide on Salt I is no different from the action of sodium
hydroxide except that it is much slower. One reason for the
low yield may be that all the silver hydroxide did not react.
This reaction is a slow one; perhaps a good procedure would be
I
•
to add the calculated amount of silver oxide to the solution of
Salt I and leave it over night, with mechanical stirring.

Methods of Analysis for Chlorine9
The Volhard method was used for all the analyses given in
the tables. The samples for ionic and for total chlorine were
prepared for analysis in different ways, since in the latter
case the alkyl chlorine had to be liberated in ionic form.
For ionic chlorine the sample was dissolved in 50 ml, of
water, made acid with 2 ml, of concentrated nitric acid, and
the ionic chlorine precipitated with standard silver nitrate.
The silver chloride was filtered off in the cold, and the ex-
cess silver nitrate back titrated with standard potassium
thiocyanate, using ferric ammonium sulfate (ferric alum) as
indicator.
For total chlorine the sample was pieced in a 100 ml.
round bottom long necked flask and dissolved in 40 ml, of
absolute alcohol, if it were an amine, or in the least amount
of water before the addition of the alcohol, if it were an
amine hydrochloride.
In either case, the flask was next placed under a reflux
condenser and four grams of sodium added through the condenser,
over a 10-20 minute period. The solution was boiled for about
an hour, cooled, and 50 ml. of water added. It was then trans-
ferred to a beaker, made distinctly acid with concentrated
nitric acid, and the chlorine precipitated with standard silver
(9) Gasch, loc. cit.
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nitrate. The precipitates were digested on the steam hath for
one hour, filtered, and the excess silver nitrate hack titrated
with standard potassium thiocyanate.
It is important that the acidification of the solutions he
promptly carried out, for sodium ethoxide polymerizes rapidly
in strongly alkaline solution; the resulting brown discoloration
masks the subsequent end-point.
The rubber stoppers used were boiled in concentrated
sodium hydroxide solution prior to each analysis, since other-
wise they too have a tendency to discolor the solutions.
The Carius method was also tried several times in the
determination of total chlorine. The procedure followed was
10that of Lassar-Cohn, using 0.5 grams solid silver nitrate,
16-20 drops of fuming nitric acid, and a .1-.2 gram sample.
The results, however, checked very poorly, although this is a
very accurate method. The difficulty probably lay in the small
amount of acid used; other sources^recommend larger quantities.
12
An excellent semi-micro Carius is described by Kimball.
This was not used, but might prove well worth while.
(10) Lassar-Cohn, " Organic Laboratory Methods " P. 456 Eng. Trans,
by Oesper.
(11) Cf , Gattermann and vVieland, "Laboratory Methods of Organic
Chem" P. 65 . Eng. Translation of 22nd German Ed. by McC^rt^
(12) £. Ind. Eng . Chem. Anal . Ed , 9_ 48 (1937)
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Physiological Properties of Dichlorodiethylamine
13
According to Ward, who investigated the properties of
B - chloroethylamine, B,B f -dichlorodiethylamine, and B,B*
,
B"
trichlorotriethylamine, only the last and its hydrochloride
show vesicant action. That dichlorodiethylamine is also strong-
ly vesicant has been definitely shown in this research; the
hydrochloride, however, is innocuous.
On contact with the skin it causes no immediate discom-
fort; this makes it particularily insidious, for the experiment-
er knows only too late to prevent its action. The symptoms be-
come apparent in five or six hours, reddening of the skin, and
in several more hours, the appearance of welts and blisters.
It is also accompanied by extreme itching for the first few
days. The itching and the destruction of the outer layer of
skin may be the only results, if the concentration of amine was
low. The blisters formed are deep and slow to heal; on healing
they leave scars and brown discolorations which persist for
months. After healing the areas attacked by the amine are
hyper-sensitive; concentrations too small (including vapor) to
irritate the surrounding flesh, will cause irritation of the
old scars.
The effects described are very similar to those produced
by mustard gas. This might be expected from the structural
similarity of these compounds, and yet it is the first time^
(13) J. Am. Chem. Soc. 57^ 914-917 (1935)
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that the vesicant action has been retained in a compound in
which the sulphur has been replaced by an element of the fifth
group.
In the latter part of this work the author had become very
sensitive to the effects of this compound. Working with it in
the laboratory invariably resulted in blisters (even though
rubber gloves were worn), and the vapors caused the face to
appear to be badly sunburned. Fear that this constant irrita-
tion might lead to eczema, or other chronic skin disease, led
to the suspension of this research.
i
The above discussion has been devoted to diehlorodiethyl-
amine itself; it does, however, apply equally to aqueous
solutions of Salt I and Salt II, and to Oil II. No doubt Oil
III and Salt III also possess vesicant action, but this has
not been demonstrated.
When working with these compounds the following precau-
tions should be observed: Rubber gloves (regular surgeon’s
gloves ere preferred) must be worn at_ all times
,
all work with
concentrated solutions must be carried out in a strong hood,
and the hands must not touch the face. Frequent washing in
concentrated hydrochloric acid is also desirable; this converts
any amine to the harmless hydrochloride.
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Structure of Salt I
The formation of salts hy halogen-substituted amines is
not new, hut was first discovered about 1885. From then,, up to
j|
the present considerable work has been done in this field, but
only with primary and tertiary amines. Since no work has been ji
done with dihalogen-substituted secondary amines, the structure
|of this polymer must be derived from the experimental evidence
and analogy to this earlier work.
Von Braun^found that omega-brom-hexyl amine gave both a
cyclic and a linear form on polymerization.
NIL BrBr(CH2 ) 6 mz
*zc,
/
HSC-CHo
'pHg cyclic form
bi
m Br (CH2 ) 6 NH2 »f(CH2 ) 6 > mj (HBr) linear form
m m
Marvel and his coworkers^-^ have recently investigated the
polymerization of omega-halo -alkyl dialkylamines, and, according
to them, this may proceed in three ways.
(14) Ber. 38 169 (1905)
(15) a. J. Am. Chem. Soc. 52 287 (1930)
b. ibid. 55 753 (1933)
c
.
ibid. 55 1977 (1933)
d. ibid. d6 725 (1934)
e. ibid. 57 1137 (1935)
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(1) One molecule may rearrange to form a cyclic (quaternary
ammonium salt:
X(CH2 ) n N R2 [( CH2 ) n >NE2Jx
This type predominates (over 50$) when n is 4, 5 or 6 . In
C/
the speAfic compound Br( CH2 ) 2N(CH5 ) 2 , this type of polymer is
only formed in dilute solutions, hut is formed exclusively
where R- C2H5 , C3H7 , or C4H9 .
(2) Two molecules may combine to form a dimeric cyclic
quaternary ammonium salt:
2X(CH2 ) n NR2 *
( CHg
)
n
EoN ^ ^KEo2
x\ /X 2
< CHg n
The formation of a cyclic polymer of this type was found
16
to he the case with chloroethyldimethylamine. Decomposi-
tion of this polymer ( tetrarnethyl piperazine dichloride, I)
with 33$ potassium hydroxide yielded acetylene, tetramethyl-
ethylenediamine (II) and B-hydroxyethyldimethylamine (III).
(CH3 ) 2 N CH2 CH2 Cl ch2ch2
Cl ch2ch2n(ch3 ) 2
(CH3 ).,N V ^J(CH3 )cN CHgCHg^ Cl
KM 4 (CH3 ) 2 N CH2 CHg N (CH3 ) 2 i- HC = C.» *U
11
t-iUce
(16) Knorr, Ber. 37 3507 (1904)
X '-> < ,( HD>
;
4
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KOH
X > 2
r.CH
3vn-ch - CH,
CHr
CH
H ° 3\
—^ CH3^N CHo CHo oh2 un2
III
Dry distillation of (I) produced N, N 1 dimethylpiperazine
(IV) and methyl chloride.
ch2 ch2v CH? CHo\n_ ( ch3 ) 2 » CHa-N; xNCH3+2CH3 ClCl
CH
2
CHg
\
CHg CHg
I
V
(3) A linear polymer of high molecular weight may he
foimed hy the combination of many molecules of the
omega-halo-alkyl dialkylamine
:
y X( CHg ) n NRg
'
R R I R
(X(CHg) n N / ( CHg
)
n N/ ( CHg
)
n Xy-1
R R
This type has been observed by Marvel with Br(CH2 )n
N(CH3 ) 2 where n“7, 8, 9, 10, or 3 (in concentrated solution
or where a dilute solution is heated). In this case, where
n^3, some unsaturation occurs, and the polymer is a mixture of:
CHr
(H2 C
= CH CH2 N
'
CH,
and
CH3
!Br(CHP )~ N2 S
CHr
(CH2 ) 3 H j (CH2 ) 3 N(CH3 ) 2 L Br n+1
CHg I n
ch3
( CHp ) 3 N
c% n
(CH
2 ) 3 N(CH3 ) 2 fr Br ntl
•••
;1
• of) ; • bn* (VI)
.jHO
0
• r
'
i '3n. £ ( 3 )
-
• • • •
•
,
; ' „T C ;. /.« -
S
S('.-HO)
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The polymers of this general type had molecular weights of
3350 to 28,000, and they varied from thick viscous liquids
through glassy substances to powders. Each one was probably a
mixture.
i
Since the salt formed by dichlorodiethylamine has a ratio
of ionic and total chlorine of 18.21% to 50.39%, several of
these possibilities are at once eliminated. The cyclic type
(I) has only ionic halogen, while the compound (V), correspond-
ing to type (2) would
Cl CH CH NH^
Cl CH2CH2 NH
^ ^ CH2CH2C1
“CHgCHgCl
H .CHoCEp H
C1CH2CH2 ^>nch2ch2ci
Cl XJH2CHo Cl
v
have an entirely different ratio of ionic to total chlorine.
Furthermore, as has already been pointed out, alkali does not
decompose the salt with the liberation of acetylene. Dry
distillation was not tried.
This leaves only the linear polymers to be considered.
i
Since an olefinic linkage has been shown to be present in the
case of certain polymers, an aqueous solution of Salt I was
tested for unsaturation, giving a negative test with bromine
water, and a positive test with permanganate solution. This
showed that there was no unsaturation, but that some diethanol-
amine was present as an impurity. The linear polymers described
above have a small amount of alkyl chlorine, but the greater
part is ionic. In the case of Salt I there is much more alkyl
-, -
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>chlorine; the ratio of ionic to total chlorine is 18,21$ to
50,39%, which is very nearly a ratio of 8 to 22. Since no
single formula of the type
2 2
K Pi Hjn
N CH2CH2 N CH2CH2 nh
ch2 ch2 ch2
CHp CHp CHp
Cl4 Cl* n Cl^
can he given for this ratio, it is quite probable that Salt I
is a mixture of linear polymers of various lengths and that
their average ratio of ionic to total chlorine is 8 to 22. This
would agree with the finding of Marvel, and also explain the
discrepancies between the analysis of the author and those of
Gasch, for under slightly different experimental conditions the
ratio of the polymers in the mixture would vary and consequently
the analyses would give different results.
The proposed formula is not satisfactory in one respect.
It does not explain how the polymer is decomposed by alkali to
the amine, for if the bonds are as strong as represented by the
formula this would be very unlikely. Probably the polymer is
formed by association of the free amine rather than by true
valence forces.
Concerning the structure of the other polymers. Salt II,
and Salt III, little can be said, but they are probably similar
in structure to Salt 1,
There were several plans under consideration when the
research had to be abandoned. The polymers were to be analyzed
for total nitrogen content by the Kjeldahl method, and more
29
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chlorine determinations made on recrystallized semples of the
polymers
.
After the preceding work had been given up on account of
the physiological effects of the compounds used, the research
was continued, hut from another approach; this time synthetical
instead of analytical
.
Consequently, the synthesis of 1, 4-3,8* -dichlorodiethyl-
piperazine was undertaken, since there was the possibility that
the polymer formed from B,B* dichlorodiethylamine might be a
dimer.
Cl ch2ch2 mj-
C1 ch2ch2 nhv
ch2ch2ci
ch2ch2ci
Cl CH n-ch2ch2ci

Preparation of 1-4 Diethanolpiperazine
The first step was the preparation of 1-4 diethanolpiper-
azine. two different methods were used: (1) the reaction be-
tween anhydrous piperazine and ethylene oxide, 17 and, (2) the
reaction of chlorohydrin on anhydrous piperazine. 18 A modi-
fication of the second method was tried first.
22.3 grams of piperazine hexahydrate (equivalent to 10
grams of piperazine) were refluxed in 22.3 grams of methyl,
alcohol with a 10fo excess of ethylene chlorohydrin (21 grams)
for five hours. The boiling temperature was 80 degrees. The
brown solution was made basic with 50“o sodium hydroxide, dilut-
ed with 200 ml. of alcohol, saturated with carbon dioxide, and
the sodium bicarbonate removed by filtration. The filtrate
was dried for three hours with occasional shaking over an-
hydrous sodium sulfate, and the alcohol distilled. The brown,
viscous oil remaining was leached with four 100 ml. portions
of amyl acetate, from which the product separated on cooling.
Yield, 11 grams. Percent theory, 54.5. Pyman reported a per-
centage yield of 41. The product was recrystallized from
absolute alcohol to remove traces of amyl acetate. Yield, 7
grams, M.P. 134-135°.
A second preparation w; as undertaken according to the
method of Aldelson, MacDowell and Pollard, using ethylene oxide
(17) Aldelson, I-IaoDowell, and Pollard, £. Am. Ghem. Soc . 57
1988 (1935)
(18) Pyman, J. Ghem . Soc . 95 1793
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and anhydrous piperazine. Twenty-five grams of piperazine
were dissolved in twenty-five grams of anhydrous methyl alcohol
and the calculated amount of ethylene oxide run in. The pro-
duct was a tar from which it was impossible to isolate any
product. The directions state that anhydrous piperazine can he
obtained by allowing the hydrate to stand over solid potassium
hydroxide for one week in a vacuum desiccator. Evidently the
piperazine used was not anhydrous, and so a large excess of
ethylene oxide was added which resulted in side reactions. A
melting point should therefore always be taken to make sure that
the piperazine is thoroughly dry. M.P. of the hydrate, 44°, of
the anhydrous form, 108°.
This method was repeated; this time using ten grams of care
fully dried piperazine. When the reaction flask was disconnect-
ed for weighing (to determine how much ethylene oxide had been
ebsorbed) the product crystallized out, and the resulting paste
would absorb no more of the gas. It is evident that the weigh-
ing should be performed as rapidly as possible to prevent cool-
ing of the solution. The product was filtered with suction,
ground in a mortar with absolute ethyl alcohol and washed on
the filter with ether. Yield, 12 grams; percent theory, 43.
The product was quite pure without recrystallization. M.P.
135-136°. This method is simpler and more rapid than the one
using ethylene chlorohydrin. Also, it is capable of giving
yields of '0 %
I
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Preparation of 1,4,-B,B T , -Dichlorodie thylpiperazine
Dihydrochloride
The first attempt was made to prepare this in the same
manner that B, B* , -dichlorodiethylamine hydrochloride was pre-
pared from diethanolamine.
Accordingly, seven grams of the diethanolpiperazine were
dissolved in 100 ml. of hot chloroform in a Wolff flask
equipped with condenser and dropping funnel. A 10$ excess of
thionyl chloride was added through the latter. The product
separated immediately and after "boiling for fifteen minutes
after the final addition of thionyl chloride the mixture was
filtered. Yield 8.7 grams. M.P. 185-200°. It was recryst-
allized "by "boiling 8.0 grams with 25 ml. of 95$ alcohol and
adding water dropwise until all had dissolved. On cooling
some of the product separated and the rest was precipitated
on addition of ether. Yield 5.2 grams. Pour grams of this
were recrystallized (yield, 3.5 grams) and used for the
following analyses.

Table X
Analysis of the Product of Diethanolpiperazine
Thionyl Chloride for Ionic Chlorine
Wt, Samples .2004 .2006 .2003
ml. AgNOg 16.00 16.00 16.00
ml. KCNS 5.46 5.39 5.52
N AgNO„
~ 3
.1141 .1141 .1141
N KCNS .0440 .0440 .0440
% Ionic Chlorine 28.05 28.08 28.02
Average 28.05
Table XI
Analysi
s
for Total Chlorine
Wt. Samples .1001 .1006 .1001
ml
.
AgNO^ 15.00 15.00 15.00
ml. KCNS 18.46 14.10 18.44
N AgNOg .1141 .1141 .1141
N KCNS .0440 .0440 .0440
% Total Chlorine 40.15 38.69 40.18
Average 39.67

Table XII
Kj eldahl Analysis for Nitrogen
|Wt. Samples .2008 .2007
ml. HC1 in receiver 20.00 20.00
ml. NaOH 3.91 3.83
ml. HC1 actually used 14.41 14.53
'% Nitrogen 9.40 9.49
Average 9.45
These averages are compared in the following table with
values calculated for l-B-chloroethyl-4-ethanolpiperazine
hydrochloride (I) and for l,4-B t B
; dichlorodiethylpiperazine
dihydrochlori de ( II )
.
CHoCELv H
HO CH2CH2 ch2ch2 Cl
ch2ch2 Cl
and
H^H2CH2 H
CL CHpCHp Nv* * Cl^CHgCHg Cl
>N CH2CH2 Cl
II
Table XIII
Hound Calc, for I Calc.
Ionic Chlorine 28.05 15.50 25.00
Total Chlorine 39.67 31.00 50.00
% Nitrogen 9.45 12.22 9.86
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The most plausible explanation for the discrepancy is to
assume that as soon as one mol of thionyl chloride reacted that
product precipitated preventing the reaction with a second mol
of thionyl chloride. Probably the mono-hydrochloride (I) was
slightly soluble, so that a mixture of I and II was actually
obtained. This does not explain, however, why the values for
ionic chlorine and nitrogen do not lie between those calculated
for I and II.
It was thought that perhaps the second molecule of thionyl
chloride would react on prolonged heating, and consequently a
gram of the product previously obtained from thionyl chloride
and diethanolpiperazine was refluxed for three hours with 5 ml.
thionyl chloride. The product was recrj^stallized from 95%
ethanol as above, and analysed for ionic chlorine. The value
was £3.05%, nearly 2% low.
The next attempt to prepare l^-BjB^dichlorodiethyl-
piperazine was by the use of concentrated hydrochloric acid.
Two grams of diethanolpiperazine were refluxed with 10 ml. of
i
concentrated hydrochloric acid (100% excess) for four hours,
and then evaporated to dryness on the steam bath. The residue
was washed with absolute alcohol and ether (yield, 3.2 grams)
1
and recrystallized from 95% alcohol and water (yield, 2.5 gramsty
1
This was analysed for ionic and total chlorine.
1
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Table XIV
Analysis of Product of Die thanolpiperazine and
Concentrated hydrochloric Acid for Ionic Chlorine
Wt. Samples .2004 .2006
ml. AgNOg 16.01 16.00
ml. KCNS 6.56 6.55
N AgNOg .1141 .1141
N KCNS .0440 .0440
%
o
Chlorine 27.22 27.18
Average 27.20
Table XV
Analysis for Total Chlorine
Wt. Samples .1004 .2007 .1004
ml
. AgNO^ 12.00 24.00 12.00
ml. KCNS 13.60 25.37 12.85
N AgNOg .1141 .1141 .1141
N KCNS .0440 .0440 .0440
% Chlorine 27.22 28.66 28.39
Average 28.09
Calculated for HO CEoCHpN'r ;N CH2CH? OH
cix ch2ch/ Cl
Total Chlorine = 28.74
O’lr '0 3-Ti jsono.
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Prom the analyses it was apparent that the only action of
the hydrochloric acid had been to form the dihydrochloride.
Now if a solvent for this could he found which was inert to
thionyl chloride, the product desired might still he obtained.
Finally, acetamide was found to be suitable, and the following
procedure was tried.
One and one half grams of the dihydrochloride were disolv-
ed in ten grams of acetamide and 3 ml. of thionyl chloride
added dropwise. When the reaction ceased, the liquid was
poured into a mortar, and, after solidification, was ground
with 95% alcohol. The mixture was filtered and the residue
washed with hot alcohol. Yield, .9 grams. Since some of this
was acetamide which had failed to dissolve in the previous
treatment, it was again leached with two 25 ml. portions of
alcohol. Pinal yield, .07 gram. If absolute alcohol were used
throughout, the yield would be improved, since the product was
somewhat soluble in 95% alcohol. The product was analysed for
ionic chlorine. Pound, 24.32%. Calculated for 1,4-B,B* di-
chlorodiethylpiperazine, 25,00%. This indicated that the
product obtained was indeed the product desired, but not enough
sample was available to analyse for total chlorine and nitrogen,
which would have definitely proven its structure.
During the course of this last preparation the (by now)
too familiar itching and blisters developed on the face of the
writer. A test was made by dissolving several tenths of a
! milligram of 1,4-B.B* -dichlorodie thylpiperazine dihydrochloride
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in two drops of water, and applying to the left forearm. In
five hours inflammation developed, and for nine days an area
of about one square centimeter was swollen. 7/hen this had
disappeared the usual brown discoloration remained. There was
also some evidence that the dihydrochloride itself possessed
vesicant properties, although they could easily have been
caused by the presence of small amounts of the dichlorodiethyl
piperazine dihydrochloride. Since the latter was so highly
vesicant, this phase of the research also had to be abandoned.
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Sumamary
B,B ' Dichlorodiethylamine was prepared from
B,B*- dichlorodiethylamine hydrochloride. The free amine was
an oil ( Oil I ) which on standing changed to a solid polymer
( Salt I ). This polymer on treatment with alkali yielded an
oil which likewise polymerized to a solid on standing. This
polymer
reaction with alkali was continued through the third oil and
and each oil and polymer analyzed for ionic and total
chlorine. Basing conclusions on the ratio of ionic to total
chlorine, it is highly probable that Salt I is a mixture of
linear polymers of the type:
HC1
C1CH CHN -
2 2 i ;~
CH
CH
Cl
HC1
CH CH N-
2 2
1
CH
l 2
CH
2
Cl
CH CH NH
2 2
)
CH
2
CH
Cl
B,B,- Dichlorodiethylamine and aqueous solutions
of the polymers were found to be highly vesicant.
The synthesis of 1,4 B,B' dichlorodiethylpi-
perazine was undertaken and 1,4 diethanolpiperazine was
prepared in this connection. The various attempts to
prepare 1,4 B,B’ dichlorodlethylpiperazine from 1,4“
diethanolpiperazine are described.
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